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1 Introduction 

 Purpose 

The purpose of this report is to document the results of computer simulation studies on two PVC profiles, 
TripStop and Lock Joint, used for jointing of pedestrian pavement concrete slabs. The aim of the computer 
simulation studies was to compare the behavior/movement of the two profiles and the resulting stress distri-
bution in the concrete and PVC components, as the respective joints were lifted to a total height of 108mm.  
 

 Scope 

This report applies to the TripStop TS100S profile, based on the drawing TS100S-2 from 18 Jun 2015, and a 
Lock Joint profile of unknown production date.  

 

 Definitions 

FEA  Finite Element Analysis 

PVC  Polyvinyl Chloride 

CAD  Computer Aided Drawing 

MPa  Mega-Pascals 

P1  1st Principal Stress 

 

2 Test execution 

 Test Description  

Simulation studies were carried out by Design + Industry using SolidWorks Simulation software. 

The tests involved lifting the PVC profile to a total height of 108mm and assessing the movement of the con-
crete on either side of the profile. The 108mm lift height is equivalent to a 1 in 14 gradient for a concrete slab 
length of 1.5 metres, which is the maximum gradient allowed as per Australian Standards. 

To do this, concrete slabs of 1.5 x 1.5 x 0.1m were created in SolidWorks for each profile as they would natu-
rally form when the concrete is cast in position. Adjacent slabs and profiles were also created in the assem-
bly to ensure that the movement of these components was taken into consideration. 

The tests conducted were based on a static analysis at various lift heights. The simulations would only show 
initial failure areas if present, and not how the failure may propagate as loads are transferred. 

Section 2.1.1 and 2.1.2 illustrate the 3D assembly for each profile and highlight the focus area of the tests 
being the middle PVC profile and two middle slabs. The stresses produced in these areas were analysed 
and reported on. 
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2.1.1 TripStop CAD Setup 

 
 

 
 

2.1.2 Lock Joint CAD Setup 

 
 

 
 
 

 Test Date  

November 2019 
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 Materials 

Although of different designs, both PVC profiles are constructed of a rigid PVC piece and one or several 
plasticized (i.e. soft) PVC pieces. 
 
The rigid PVC was simulated with the following properties: 
 
 Elastic Modulus: 2000  MPa 
 Poisson’s Ratio: 0.40  No units 
 Density: 1440  kg/m3 
 
The plasticized PVC was simulated with the following properties: 
 
 Elastic Modulus: 500   MPa 
 Poisson’s Ratio: 0.47  No units 
 Density: 1210  kg/m3 
 
The concrete was simulated with the following properties: 
 
 Elastic Modulus: 30000 MPa 
 Poisson’s Ratio: 0.20  No units 
 Density: 2400  kg/m3 
  

 

 Assumptions 

Below is a list of assumptions that were made whilst carrying out the simulations: 
 

• No forces act normal to the section plane i.e. in the Z direction. A normal view of the section plane 
and z-direction is shown in section 2.1.1 and 2.1.2. This meant that the simulation could be simplified 
to a 2D analysis using a planar 2D mesh. For this setup, the section depth (i.e. footpath width) of 
1.5m was still used to define the area on which any loads were applied. 
 

• The coefficient of friction between the PVC profiles and concrete slabs was assumed to be 0.3. 
 

• Gravity was applied as an external force at a rate of 9.81 m/s2 
 

• A fixed hinged constraint was applied to the outermost curve on the outermost concrete slabs. This 
constrained these slabs to pivot only about the hinge point, with no translation allowed. As this point 
was approximately 4.5m from the center joint, this was considered a reasonable distance to apply 
the zero-translation constraint on the concrete, which is required to enable the simulations to solve. 

 

• The concrete simulated was unreinforced. 
 

• An allowance for drying shrinkage was included in the 3D CAD model of the concrete and assumed 
to be 0.05%. 

 

• A clearance of 0.25mm was also included (in addition to the clearance from drying shrinkage) be-
tween the PVC and concrete to remove interferences that were present after concrete shrinkage was 
applied. A very small interference only occurred beneath the horizontal section of the Lock Joint pro-
file (due to the slight downward angle of this section, the concrete ‘shrunk’ into this region), however 
for consistency the clearance was applied for all models. 
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3 Results 

 Results Tables 

3.1.1 Table 1 – Maximum Von Mises stress values in PVC profiles 

Maximum Von Mises stress values were recorded at each incremental lift height for the middle PVC profiles 
and listed in the table below. Von Mises stress is typically used for to assess failure of ductile materials and 
therefore applicable to the PVC components. The maximum stress across the entire lift range is highlighted 
in red. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

3.1.2 Table 2 – Maximum Von Mises stress values in concrete slabs 

Maximum Von Mises stress values were recorded at each incremental lift height for the two middle slabs and 
listed in the table below. As concrete is not a ductile material, Von Mises stress is not used to assess failure, 
however in this scenario (plane strain setup, see section 2.4, point 1), the stresses can still be viewed for 
comparative purposes between the two profiles. The maximum stress across the entire lift range is high-
lighted in red. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Lift Height 
(mm) 

Stress, σ (MPa) 

LHS Lifted RHS Lifted 

TripStop Lock Joint TripStop Lock Joint 

10 3.0 18.9 3.2 26.2 

20 5.7 36.7 5.9 37.9 

30 8.1 41.5 8.2 43.6 

40 9.4 48.1 9.9 49.6 

50 9.7 52.7 11.1 52.9 

60 11.6 25.5 13.3 24.7 

70 12.7 25.1 14 26.9 

80 13.4 22.4 15 23.8 

90 7.1 24.3 16.2 25.3 

100 8.0 26.0 12.2 27.1 

108 8.4 26.9 12.5 28.0 

Lift Height 
(mm) 

Stress, σ (MPa) 

LHS Lifted RHS Lifted 

TripStop Lock Joint TripStop Lock Joint 

10 5.4 18.0 4.6 33.3 

20 5.9 34.8 5 35.3 

30 6.4 39.3 5.3 40.7 

40 7.3 45.4 6.1 46.2 

50 8.9 49.7 7.4 49.3 

60 11.1 19.1 9.2 21.8 

70 11.3 19.7 9.4 21.3 

80 11.6 22.2 9.6 22.7 

90 10.1 23.6 10.4 24.3 

100 10.8 24.8 9.7 26.1 

108 11.1 25.4 9 27.1 
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3.1.3 Table 3 – Maximum P1 stress values in concrete slabs 

1st principal stress values were recorded at each incremental lift height for the two middle slabs and listed in 
the table below. Principal stresses are defined when the coordinate system is rotated in such a way that 
shear stresses vanish and the state of stresses is completely defined by 3 normal components. This allows 
us to distinguish between tensile and compressive stresses in the component if both are present. In this sce-
nario, the 1st principal stresses were tensile, and due to the low tensile strength of concrete, were used to 
assess potential failure in these components. The maximum stress across the entire lift range is highlighted 
in red. 
 
 
 
 
 
 
 
 
 
 

 

 

Lift Height 
(mm) 

Stress, σ (MPa) 

LHS Lifted RHS Lifted 

TripStop Lock Joint TripStop Lock Joint 

10 1.9 9.6 1.8 21.0 

20 2.1 19.0 2 15.3 

30 2.0 21.4 1.9 17.7 

40 2.5 25.3 2.5 20.1 

50 3.6 27.8 3.6 21.4 

60 4.8 15.0 4.8 14.4 

70 5.3 15.6 5.3 12.8 

80 5.9 17.8 5.8 15.1 

90 2.6 19.1 5.8 16.3 

100 2.9 20.2 2.8 17.6 

108 3.1 20.8 3 18.3 
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 Results Graphs 

3.2.1 Graph 1 – Von Mises Stress Vs. Lift Height in PVC profiles 
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3.2.2 Graph 2 – Von Mises Stress Vs. Lift Height in concrete slabs 

 

  

0

10

20

30

40

50

60

0 10 20 30 40 50 60 70 80 90 100

V
o

n
 M

is
es

 S
tr

es
s 

(M
P

a)

Lift Height (mm)

Von Mises Stress Vs. Lift Height

TripStop, LHS TripStop, RHS Lock Joint, LHS Lock Joint, RHS



 

Doc. Number RPT TRI-1848 

Doc Title 
TripStop v Lock Joint 
Simulation Report 

Effective date 3 December 2019 
   

 

RPT TRI-1848 TripStop v Lock Joint Simulation Report 9 of 12 Commercial-in-Confidence 

0

5

10

15

20

25

30

35

0 10 20 30 40 50 60 70 80 90 100

P
1

 S
tr

es
s 

(M
P

a)

Lift Height (mm)

P1 Stress Vs. Lift Height

TripStop, LHS TripStop, RHS Lock Joint, LHS Lock Joint, RHS

 

3.2.3 Graph 3 – P1 Stress Vs. Lift Height in concrete slabs 
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4 Data Analysis 

As both profiles were lifted from zero to 108mm in height, as expected stresses within the concrete slabs and 
PVC profiles increased. Given below is a summary of key observations and analyses for the simulations con-
ducted. 

 Maximum stress levels 

The Lock Joint system recorded maximum stress readings at substantially lower lift heights than the TripStop 
system for both Von Mises and P1 readings as evident in tables 1-3. 
 

Height of maximum stress readings: 

 Lock Joint  52-54mm 
 TripStop  86-92mm 

 
Further, all stress readings for Lock Joint (10mm thru 108mm) were higher than the maximum stress reading 
for TripStop as evident in graphs 1-3. 
 

Von Mises stress in PVC 

 TripStop maximum 16.7 MPa at 92mm lift 
 Lock Joint minimum 18.9 MPa at 10mm lift 
 Lock Joint maximum 55.6 MPa at 52mm lift 
 

Von Mises stress in Concrete 

 TripStop maximum 12.9 MPa at 88mm lift 
 Lock Joint minimum 18.0 MPa at 10mm lift 
 Lock Joint maximum 55.7 MPa at 54mm lift 
 

P1 stress in Concrete 

 TripStop maximum 6.3 MPa at 86mm lift 
 Lock Joint minimum 9.6 MPa at 10mm lift 
 Lock Joint maximum 29.4 MPa at 52mm lift 

Figure 1. Von Mises Stress (16.7 MPa) in 
TripStop system, RHS lifted at 92mm 

Figure 2. Von Mises Stress (55.6 MPa) in 
Lockjoint system, RHS lifted at 52mm 

16.7 MPa 

55.6 MPa 
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 Geometry comparison 

One observation that was made while conducting the analyses (which is not shown in detail in this report) 
was that as the centre Lock Joint profile was raised the adjacent slabs and profiles (see section 2.1.1) were 
also lifted to a much greater extent than in the TripStop setup.  
 
It is reasonable to assume this to be a direct result of the geometry of the Lock Joint profile, which is signifi-
cantly more restrictive on relative movement between concrete slabs than the TripStop profile, likely due to 
the horizontal sections of the Lock Joint profile. As a result, the concrete slabs on either side of the Lock 
Joint profile do not pivot as much as they do with the TripStop profile. The TripStop design encourages a 
‘hinged’ movement due to the large upper and lower radii and therefore allows the concrete to move more 
freely.  
 
Due to the lifting of adjacent slabs in the Lock Joint setup, additional weight is being supported at the middle 
joint which would contribute to the stresses in the Lock Joint system, and be a reason why they are much 
greater than the stresses experienced in the Trip Stop system. 
 

 TripStop observations 

The maximum stress in the TripStop system appears to occur due to a ‘pinching’ effect whilst being lifted to a 
height of 88-92mm, as shown in figure 1. The pinching of the profile by the two concrete slabs occurs at the 
lowest point of the profile where it is still full width (i.e. just above the plasticized PVC section). Once the pro-
file is lifted further, the stress reading reduces.  
 
The reason for this is likely due to a small shift in height between the two slabs, which then transfers the load 
away from a single point and rather spread over the lower radius, as is evident in subsequent images (see 
TripStop images in appendix). When the LHS is being lifted, the RHS concrete slabs drops slightly after the 
maximum stress point is reached, and vice versa when the RHS is being lifted.  
 

 Lock Joint observations 

There are multiple points/areas in the Lock Joint pro-
file and concrete which experience significantly high 
stress values compared to the TripStop system. As 
can be seen in graphs 1-3, the stress readings in the 
Lock Joint system are always much higher than those 
in the TripStop system. As mentioned earlier, due to 
the horizontal sections in the Lock Joint PVC profile, 
the left-hand concrete slab is significantly more con-
strained than the right-hand side and therefore moves 
only a very small amount relative to the PVC profile.  
 
Consequently, the right-hand concrete slab is forced 
to rotate/pivot the full amount relative to the PVC pro-
file. This is in direct contrast to the TripStop system 
which shares this rotational movement on both sides 
of the profile. One significance of this is that the lower 
wedge on the Lock Joint profile is thus trying to rotate 
a large amount around the lower radius of the profile, 
and being unable to do so freely, due to the radius 
transitioning to a straight section, creates large tensile 
stresses in the concave concrete surface, which can 
be seen in figure 3.  
 
Due to the low tensile strength of the concrete, this area is at high risk of failure through cracking/spalling. 

 

Figure 3. P1 (Tensile) Stress (29.4 MPa) in con-
crete of Lock Joint system, LHS lifted at 52mm 

29.4 MPa 
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 Lock Joint lower bulb 

It was anticipated that the lower bulb of concrete (convex region at bottom of left-hand slab) in the Lock Joint 
system would experience high tensile stresses when this side of concrete was lifted.  This expectation was 
due to the geometry of the Lockjoint profile and resulting concrete slab, and the idea that the right-hand slab 
would be resting on top of the lower bulb of the left-hand slab, which notably has a much smaller radius of 
curvature than the TripStop profile.  
 
Further, in separate physical testing conducted with the Lock Joint system there was evidence of crack-
ing/spalling in this region of the concrete. However, high stresses in the lower bulb were not observed in the 
computer simulations as the bulb was instead being compressed from side to side, rather than experiencing 
a force from above. 

 
A possible reason for this could be due to the assumption that the components in the simulation remain in-
tact at each lift height. As such, only initial failure areas were visible. However, if failure were to occur and 
concrete were to break away as is likely in figure 3 for the Lock Joint system (and as evident in separate 
physical testing conducted with the Lock Joint system), clearances in the system would be created and loads 
would be transferred to the next contact area. For the Lock Joint system, this would likely mean that the 
right-hand slab (and adjacent slabs on the right hand side as discussed in 4.2) would be now resting on top 
of the lower bulb which is then likely to experience the high tensile stresses as expected. 
 

 Lower TripStop soft cap 

In addition to the point above, it is also important to note that in the TripStop profile, there is a soft plasticized 
PVC capping, at the top and bottom of the rigid PVC profile. When the profile is lifted and the two slabs either 
side naturally pivot downwards, the gap at the bottom between the two slabs is reduced. However, by incor-
porating a compressible PVC capping in this region rather than a rigid barrier as in the Lock Joint system, the 
concrete slabs are less constrained and thus experience lower stresses as a result. 
 

5 Conclusions 

The following key points and conclusions can be made from the computer simulation studies: 

• Overall, the Lock Joint system experiences much higher stresses than the TripStop system. 

• The point of maximum stress occurs at a much lower lift height for the Lock Joint profile compared to 
the TripStop profile. 

• The TripStop profile does not lift adjacent slabs as high as the Lock Joint profile, reducing the overall 
mass which is being lifted and likely reducing the stress in the system as a result. 

• The TripStop system includes a plasticized (soft) PVC capping at the top and bottom of the rigid pro-
file, allowing compression at the bottom when the slabs are lifted and vice versa, which reduces the 
forces exerted on the concrete slabs. 

• The maximum stress in the TripStop system occurs when the profile is being ‘pinched’ at lift heights 
88mm thru 92mm. However, the stresses are small and not considered large enough to risk failure. 

• For the Lock Joint system, throughout the entire lift range (10mm thru 108mm) P1 stress readings 
indicate risk of failure, ranging from likely to highly likely, due to cracking/spalling. 

• The maximum Von Mises stresses are 3-4 times higher in the Lock Joint profile and concrete than 
the TripStop profile and concrete. 

• The maximum P1 (tensile) stresses in the concrete are 4-5 times higher when using a Lock Joint 
profile compared to when using a TripStop profile.  

 

 


